Abstract. Normalized difference vegetation index (NDVI) data processed from measurements of advanced very high resolution radiometers (AVHRR) onboard the afternoon-viewing NOAA series satellites (NOAA 7, 9, and 11) were analyzed for spatial and temporal patterns comparable to those observed in atmosptleric CO2, near-surface air temperature, and sea surface temperature (SST) data during the 1981-1991 time period. Two global data sets of NDVI were analyzed for consistency: (1) the land segment of the joint NOAA/NASA Earth Observing System AVHRR Pathfinder data set and (2) the Global Inventory Monitoring and Modeling Studies AVHRR NDVI data set. The impact of SST events was found to be confined mostly to the tropical latitudes but was generally dominant enough to be manifest in the global NDVI anomaly. The vegetation index anomalies at latitudes north of 45øN were found to exhibit an increasing trend. This linear trend corresponds to a 10% increase in seasonal NDVI amplitude over a 9 year period (1981)(1982)(1983)(1984)(1985)(1986)(1987)(1988)(1989)(1990). During the same time period, annual amplitude in the record of atmosphere CO2 measured at Point Barrow, Alaska, was reported to have increased by about 14%. The increase in vegetation index data between years was especially consistent through the spring and early summer time periods. When this increase was translated into an advance in the timing of spring green-up, the measure (8 _+ 3 days) was similar to the recently published estimate of about 7 days in the advance of the midpoint of CO2 drawdown between spring and summer at Point Barrow, Alaska. The geographical distribution of the increase in vegetation activity was consistent with the reported patterns in springtime warming and decline of snow cover extent over the northern hemisphere land area. 
Introduction
Station records of near-surface air temperature from the past 30-35 years show a pattern of distinct warming during the winter and springtime periods over the subpolar land area of Alaska, northwestern Canada, and northern Eurasia, especially around Lake Baikal [Chapman and Walsh, 1993] . About 50% of the observed increase in temperature from 1973 to 1992 during the spring months of April and May was found to be related to the decline in snow cover extent [Groisman et al., 1994a] . The global carbon cycle has apparently responded to the recent warm pulse; the amplitude of seasonal CO2 cycle in the northern hemisphere increased on an average by about 30% since the early i960s, indicating increased biospheric activity at these latitudes [Keeling et al., 1996] . Interestingly, the midpoint in atmospheric CO2 drawdown between spring and summer was found to be advanced by about 7 days, which Keeling et al. interpret as an indication of longer growing season. Our analyses of two satellite-sensed vegetation index data sets appear to confirm the results of Keeling et al. [1996] . The vegetation index data indicate a significant greening trend from increasing seasonal amplitude and growing season duration in the northern high latitudes. These and various other results are reported in this paper. The article is organized as follows: after a brief description of the data sets (section 2) and methods (section 3), interannual variations in large area averages are discussed (section 4), followed by the observed trends in the northern high latitudes (section 5) and concluding remarks (section 6).
The reported solar zenith angles were found to be in error (less than 5 ø maximum). NDVI is not affected by inaccuracies in solar zenith angle, but caution is required when using the individual channel reflectances (channel data were not used in this study). Only a partial correction for Rayleigh scattering was implemented. This correction is likely to contain a small error because of incorrect solar zenith angles. Details can be found in the current version of the data set user manual [Agbu and James, 1994 
Preliminary Analysis and Modifications

Intersensor Variations
Pathfinder NDVI data for the period July 1981 to December 1992 were utilized in this study. The data were collected by three different sensors: (a) NOAA 7 from July 1981 to January 1985, (b) NOAA 9 from February 1985 to October 1988, and (c) NOAA 11 from November 1988 to December 1992. Within the life of a satellite, degradation in data quality results from loss of calibration. Moreover, the drift in orbit results in later and later revisits of the satellite at a given location on the Earth [Price, 1991] . This means that reflectance measurements are made at progressively higher solar zenith angles which considerably increase the atmospheric effect. Pathfinder data processing corrects for these effects by recalibrating the data using time-dependent gains, offsets, and invariant ground targets of known properties [James and Kalluri, 1994; Rao and Chen, 1995] .
An assessment of the Pathfinder data set can be made by plotting the monthly NDVI time series of a desert target. A large region in the hyperarid part of Sahara (about 20øN) of about 1.42 x 10 6 km 2 area (22,154 pixels) was selected for this purpose. This time series, shown in Figure l a, exhibits (1) cyclical annual variation due to the movement of the Sun, (2) data quality problems during the last months of NOAA 7 and NOAA 9, and (3) NOAA 11 data to be of slightly higher magnitude than NOAA 7 and NOAA 9. Mixing of data from NOAA 7 (first composite in February 1985) and NOAA 9 (the other two composites) corrupts the monthly average NDVI of February 1985 I  I  I  I  I  I  I  I  I  I  I  I  I  0. 
Spatial averaging of x' requires some care, the specifics of which are discussed in the next section. For the time being it suffices to note that spatial averaging is performed over those pixels which meet the following two conditions: (1) the longterm monthly average NDVI of a pixel X' is greater than 0.1 NDVI and (2) its standardized anomaly x}(k, m, y) < IBal. The time series of the total NDVI anomaly evaluated according to method C is shown in Figure 5b While the 1980s experienced well-defined SST oscillation events both in the equatorial Pacific and in the tropical Atlantic [Philander, 1986] 
Averages by Latitude
Increased Seasonal Greenness in High Latitudes
It will be noted from previous discussion that the time series of spatially averaged monthly NDVI and spatially summed monthly NDVI anomalies (Figures 5a and 5b) 
Growing Season Length
An estimate of growing season length requires precise determination of the timing of spring green-up and autumn leaf fall. The timing of these two events may be defined in terms of NDVI data. It will be recalled that Pathfinder NDVI data are a 10-day maximum-value composite; that is, the maximum NDVI value during a 10 day period is used to represent the NDVI during those 10 days. In the following analysis the 10 day composite NDVI value was assigned to day 5 of the corresponding compositing period. There were three such approximate 10 day compositing periods per month, as described earlier. The temporal profile of NDVI was evaluated for each 8 km Pathfinder pixel and then spatially averaged according to method A described earlier. This analysis was done for all years from 1982 to 1990. The yearly temporal profiles were then averaged over two consecutive years (1982-1983, 1985-1986, 1987-1988, and 1989-1990) . These profiles are shown together with a 10 day average station temperature slope profile during the same period (Figures 11a and 11b) . The rise in NDVI, spatially averaged from 45øN to the northern limit of the data, came progressively earlier in the season between 1982 and 1990, as shown by successive 10 day averages, where each plot shows an average over two years for clarity. Because spatially averaged NDVI rose each year at nearly a constant rate from early April (about day 110) to late June (about day 170), the advance in the growing season is apparent, notwithstanding the relatively coarse (10 days) time resolution afforded by the Pathfinder NDVI data. From six estimates of the advance at successive thresholds of NDVI, we estimate an advance of 8 _+ 3 days.
An advance of about 7 days in the seasonal cycle was previously inferred from atmospheric CO2 data as having taken place between the 1960s and the early 1990s, with most of the increase occurring after 1980 [Keeling et al., 1996 , Figure 1] .
The NDVI data demonstrate that this increase occurred over 
